Embryonal carcinoma (EC) cell lines established from human testicular germ-cell tumours produce, at low frequency, virions morphologically identical to type C retroviruses that have been observed by other workers in human placental tissues. The virus particles are formed while budding from the cell surface, and their numbers are increased by inducing the EC ceils with 5-iodo-2'-deoxyuridine and dexamethasone. Assays for RNA-dependent DNA polymerase (reverse transcriptase) associated with purified virions suggested a low level of activity. In addition, another type of virus is occasionally produced by induced cells of three EC lines. These particles also form during the process of budding from the cell surface, but they have surface projections (spikes). Extracellular spiked virions frequently are pleomorphic, with a condensed, eccentric nucleoid, and thus morphologically resemble type B retroviruses. No virions of either type were detected with or without induction in cultures of differentiated EC cells or in cultures of yolk sac carcinoma or teratoma cells, both of which are considered malignant but differentiated derivatives of EC cells. The lack of virion production by these differentiated cells suggests developmental regulation of virus replication. * Present address:
INTRODUCTION
Retroviruses have been found in widely diverse hosts, such as snakes, chickens, mice, several domestic animals, and primates. Recently, they were observed in tissue specimens of human placenta (Kalter et al., 1973 (Kalter et al., , 1975 Vernon et al., 1974; Imamura et al., 1976; Dirksen & Levy, 1977) and were isolated in the United States and Japan from T lymphocytes of patients with Tcell leukaemia (Popovic et al., 1982) .
The electron microscope is a valuable instrument for the detection of these viruses; it has been used to classify them, on the basis of morphology and maturation characteristics, into the main groups of types A, B, C and D particles with variant forms. The type C retroviruses are the most extensively studied group (for reviews, see Nooter & Bentvelzen, 1980; Aaronson, 1983) . Some of these viruses are oncogenic. It also has been postulated that they have a role in normal life processes such as embryogenesis, cell differentiation, immunoregulation and evolution (Huebner et al., 1970; Aaronson & Stephenson, 1976; Levy, 1977; Todaro, 1978; Temin, 1982) , although there is considerable controversy about some of these putative roles (Strand et al., 1977; Weinberg, 1980; Weiss, 1982; Jaenisch, 1983) .
The virions detected in human placental tissues form during the process of budding from the cell surface and microvilli, as do the type C viruses, but differ morphologically from type C particles in that they lack an electron-lucent space between the nucleocapsid and the viral envelope (Dalton et al., 1974) ; i.e. they may be immature type C virions or a variant thereof.
We previously reported observing particles, identical in morphology and mode of formation to the placental virions, in cultures of a cell line (833K) established in our laboratory and in cultures of Tera-1 cells, established in another laboratory by J. Fogh. The number of particles was increased by inducing the cells with 5-iodo-2'-deoxyuridine (IUdR) and dexamethasone (DXM), but the number of virus-producing cells was still very low (Bronson et al., 1978 (Bronson et al., , 1979 . Observations of these virions in induced cultures of Tera-1 cells and in another cell line derived from a human testicular germ-cell tumour also have been reported by Kurth et al. (1980) . The 833K and the Tera-1 cell lines were derived from metastatic lesions of human testicular germ-cell tumours, and both exhibit properties of EC cell lines. Such EC cells resemble undifferentiated embryonic cells, and it is believed that their differentiation results in the formation of the other types of non-seminomatous germ-cell tumours (Pierce & Abell, 1970; Nochomovitz & Rosai, 1978) . Thus, tumour formation often mimics the events of embryogenesis, with the primitive EC cells differentiating to form embryonic (teratoma) and extraembryonic (choriocarcinoma and yolk sac carcinoma) cells. [Tumours were classified according to the system originally described by Dixon & Moore and recently adopted by the World Health Organization. In this system, only tumours containing differentiated tissues are designated "teratomas', in contrast to the British system in which all non-seminomatous tumours are considered forms of 'malignant teratoma'. For an explanation of the correlation of the various classification systems, see Nochomovitz & Rosai (1978) .]
Since these reports were written, we have established 12 additional lines of human EC cells and have observed, at low frequency, identical virions in induced cultures of every line, demonstrating that production of these virions is a characteristic of human EC cells in vitro. Herein, we also report the occasional observation of a second type of particle, which has morphological and maturational characteristics of a type B retrovirus, in induced cultures of three EC lines and compare the morphology of the two types of particles. Neither type of virion was detected, with or without induction, in cultures of EC cells that exhibited extensive differentiation or in cultures of germ-cell tumours considered to be differentiated derivatives of EC cells. This finding suggests developmental regulation of virus production. We also describe attempts to detect reverse transcriptase (RT) activity in association with the placental-virustype virions.
METHODS
Cell cultures. The methods of establishment and some properties of several of our testicular germ-cell tumour lines have been described Wang et al., 1980) . Briefly, the cells are of human origin and have marker chromosomes that are specific to, and permit identification of, each line (Wang et al., 1980; N. Wang, personal communication) . These lines have been designated as representing specific types of germ-cell tumours on the basis of their properties in vitro and the histopathology of the tumours produced by inoculating the cells into athymic mice.
The EC cell lines are listed in Table 1 . The Tera-1 cell line was provided by J. Fogh, the other EC lines were established in our laboratory. Two additional cell lines, derived from abdominal and perirenal metastases from patient 1411H, produce alphafetoprotein; studies of their tumourigenicity in athymic mice indicate that both represent yolk sac carcinoma, perhaps with EC elements (Vogelzang et al., 1983) . Three other lines, derived from different metastatic lesions from patient 577M, do not have properties of EC cells (e.g. see Andrews et al., 1980) and may represent malignant teratoma in vitro. Also, a stable, differentiated derivative was isolated from a culture of differentiating 1777N-RP cells and cloned. These cells, designated 1777N-RP-df C1A, produce tumours with histopathological characteristics of sarcomas in athymic mice (V. Kaye, personal communication). Additional properties of the 1777N-RP-df C1A cells will be described in a separate communication.
All cell lines were maintained and subcultured as previously described . Induction. Cultures were seeded with 7 x 106 cells per 25 cm 2 flask or 2 x 107 cells per 75 cm 2 flask; 48 h later, the cells were exposed to IUdR and DXM as previously described (Bronson et al., 1979) .
Virus purification and DNA polymerase assays. Virus particles were concentrated and purified from supernatant fluids of induced cultures by adsorption and release from hydroxyapatite (HAP) at phosphate ion concentrations of 0.15 M and 0.4 M, respectively (Smith & Lee, 1978) . These virus preparations were centrifuged at 100000 g for 60 rain, and the pellets were resuspended in a total volume of 9.6 ml of 30 ~ Percoll (Pharmacia) and 0.25 M-sucrose in 0.01 M-Tris-HC1 pH 7-4. After centrifugation at 30000 r.p.m, for 30 rain in a Beckman type 40 fixed angle rotor, which produces a self-generated density gradient, fractions were collected from the bottom of the tube; each fraction was assayed for RT activity (Gallo et al., 1974; Jacquemin et al., 1978) . Thus, the 833K virus preparations IP: 54.70.40.11 On: Thu, 27 Dec 2018 11:29:14 Virions in human EC cultures 1045 were assayed at 30 °C for 20 min in 150 mM-NaC1, 50 ~tg of template-primer/ml, 130 ktM-[3H]dTTP (10 Ci/mmol), and divalent cation as listed in Results.
Simian sarcoma virus (SSV), Rauscher leukaemia virus (RLV), and baboon endogenous virus (BaEV) from Litton Bionetics (Rockville, Md., U.S.A.) were used as controls. Cellular DNA polymerases ct and 6 were extracted from cultured human lymphoid NC37 cells and purified as previously described (Gallo et aL, 1974) .
Immunological characterization ofDNA potymerases. Immune sera that had been raised in rabbit or goat against the RT of RLV, SSV and BaEV were obtained from J. Gruber (Special Virus Cancer Program, U.S. National Cancer Institute). Antiserum against the 6 polymerase of NC37 cells (Robert-Guroff & Gallo, 1977) was provided by M. Robert-Guroff (Litton Bionetics). IgG was purified by DEAE chromatography and ammonium sulphate precipitation and was coupled to CNBr-activated Sepharose (Pharmacia) at pH 6.0. The immunological tests were done by incubating, under rotation, the desired DNA polymerase with immune IgG-Sepharose beads (in a quantity sufficient to precipitate at least 75 ~ of the homologous enzyme) in a buffer containing 0.3 M-NaCI, 2~ Triton X-100, 1 ~ bovine serum albumin, and 0-1 M-Tris-HCI pH 8.0 (Livingston et al., 1972) . After 2 h at 4 °C, the beads and bound enzyme were removed by centrifugation; enzyme assays were performed as described in a previous section.
Electron microscopy. Cell monolayers in 25 cm z flasks were processed as previously described (Bronson et aL, 1979) .
RESULTS

Virus production
Our earlier ultrastructural studies indicated virus production by approx. 2~ of the cells in induced 833K and Tera-1 cultures, a frequency too low to provide sufficient numbers of virions for isolation and characterization. After extensive examinations, identical particles were observed in induced cultures of the 12 additional EC lines; some of these new lines produced virions at a frequency exceeding that observed with the 833K and Tera-1 cell lines. However, we wish to emphasize that enumeration of virions and of virion-producing cells by electron microscopy is inaccurate, especially with an inducible system in which virus production is low, so a comparison of virus production in cultures of the different EC lines is tentative.
The ultrastructural examinations revealed a single (rarely two or three) virus particle(s) associated with ~< 2~ of the non-induced cells (no virions were detected in non-induced cultures of five cell lines). However, by day 4 after induction, at least one particle was seen (to a maximum of 78 discrete particles in one cell section) in approx. 1 to 5 ~ of the cell sections from cultures of each EC line (Table 1 and Fig. 1 ). Each cell section examined was from a different cell and no serial sections were examined. Thus, in agreement with our earlier results, incubation of the EC cells with IUdR and DXM stimulated virus production. The particles are formed during budding from the cell surface and microvilli and are morphologically identical to the • These induced cells also produce spiked virions at very low frequency. particles, designated type C retroviruses, found in human placental tissue specimens by other workers (Kalter et al., 1973 (Kalter et al., , 1975 Vernon et al., 1974; Imamura et al., 1976; Dirksen & Levy, 1977) .
In addition to the placental-virus-type virions with a smooth envelope, we found a few particles with surface projections (spikes) in three different passages each of induced 2102E-Pr and 2102E-RP cells (Fig. 2) , which are EC lines established from a primary testicular tumour and a retroperitoneal lymph node metastasis, respectively, from the same patient. A single spiked particle was seen in one of the numerous cultures of induced Tera-1 cells examined. Except for their surface spikes, these budding particles resemble the placental-virus-type virions, in that both types of particles have a diameter of 100 to 120 nm and a close association of the viral envelope with the nucleocapsid, which is formed during budding. However, the extracellular placental-virus-type virions are quite uniform in size, whereas the extracellular spiked particles often are pleomorphic with a size ranging from 100 nm to at least 250 nm. In addition, the core of the extracellular placental-virus-type particles is centrally located, whereas that of the extracellular spiked particles is frequently condensed and eccentric (compare Fig. 1 and 2) . The size, mode of formation, surface projections, and condensed, eccentric cores in extracellular particles are features common to type B retroviruses (Sarkar & Moore, 1972; Nermut, 1973; Sarkar et al., 1977; Dalton, 1979) .
No virions in differentiated cells
The two 1777N lines were derived from a primary tumour (1777N-Pr) and a retroperitoneal lymph node metastasis (1777N-RP) from the same patient. Of the EC lines listed in this report, these are the only lines that exhibit extensive differentiation in vitro, with the effect being more pronounced in cultures of 1777N-RP cells. When subcultured by scraping and seeding at low density (e.g. a 1:10 split ratio), the t777N-RP cells reproducibly exhibit distinct changes in morphology, growth pattern and growth rate; significant amounts of alphafetoprotein and chorionic gonadotrophin are secreted into the culture medium only when these changes occur. These cells are highly pleomorphic, suggesting a variety of cell types, but after several passages i : of scraped cells at low density, cells with fibroblastoid morphology are the predominant form, and only low concentrations of alphafetoprotein are detectable . After four passages of scraped 1777N-RP cells at low density, the cultures consisted primarily of fibroblastoid cells. These cells were subcultured by trypsinization to produce monolayers that were more uniform; i.e. to decrease the number of multilayered clusters which occur in cultures of scraped cells. Along with 1777N-RP (EC) cultures that had been continuously passaged by trypsinization and maintained at high density, and with the 1777N-RP-df CIA cultures, the cells, with or without induction, were examined for virus particles. A total of three placentalvirus-type particles were found in sections of two cells during examination of approximately 200 cells in the non-induced EC culture, and a maximum of 38 particles per cell were identified in approx. 4~ of the cell sections from the induced EC culture. No particles were found during extensive searches of induced or non-induced cultures of differentiated cells or of 1777N-RP-df C1A cells in three separate experiments. Also, no virions were observed in any cultures, with or without induction with 20 to 100 ~tg IUdR per ml and DXM, of the three 577M (malignant teratoma) lines or the two 1411H (yolk sac carcinoma) lines, despite repeated extensive examinations.
DNA polymerase assays
The low frequency of virus production by the EC cells has been a major obstacle to determination of the biochemical properties of the particles. During characterization of the 833K line, cells were seeded in agar to assess anchorage-independent growth, and several colonies were isolated and grown to mass culture. Cells were examined for virus production, and the cells of one subline, when induced, produced particles at a frequency of approx. 5 ~o. The agar growth procedure was repeated with this subline, and, after four cycles of growth of dispersed cells in agar, a subline (designated 29B14-G) was found to produce virions at a frequency of about 5 to 8 ~ after induction.
Cells of this subline were grown to mass culture, then induced and the particles were purified from 10 1 of supernatant fluid by HAP adsorption and release followed by centrifugation in a Percoll-sucrose gradient. Fractions with DNA polymerase activity were combined and stored in 20~ glycerol at -20 °C. For comparison, a purified preparation of SSV was centrifuged in a duplicate gradient at the same time, and fractions were assayed for polymerase activity. The results suggested that the particles from 833K cells banded at the same density as SSV (Fig. 3) . The activities of the 833K-particle enzyme, purified human cellular polymerases at and 5, and RT of purified disrupted RLV were compared in assays using different template-primers and divalent cations. The DNA polymerase activity of disrupted 833K particles was above background level only in assays with poly(rA), dT12_ 18 and 0.5 mM-Mn 2 + (Table 2 ). On the basis of the known properties of retroviral and cellular polymerases (Gallo et al., 1974) , the lack of utilization of poly(dA).dT12_ 18 in the presence of Mn 2 ÷ distinguishes the 833K-particle and RLV enzymes from the two cellular polymerases. Furthermore, the 833K-particle enzyme was resistant to antibody directed against polymerase 5, the cellular polymerase most easily mistaken for RT, as well as to antibodies directed against RT from RLV, SSV and BaEV under conditions in which at least 75 ~o of the homologous enzyme was precipitated (data not shown). On: Thu, 27 Dec 2018 11:29:14 Virions in human EC cultures 1049 DISCUSSION Our previous observations of virions with retrovirus morphology in cultures of two human EC cell lines have now been extended to 12 additional EC lines. Induction with IUdR and DXM increases particle production, but the number of virus-producing cells does not increase significantly. These results demonstrate that production of virus at low frequency is a property of human EC cells in vitro. Furthermore, because EC originates in cells that are the immediate precursors of spermatozoa, transmission of these virions through the germ-cell line in humans in a possibility.
We did not detect particles in induced or non-induced cultures of the non-EC lines 577M (teratoma) and 1411H (yolk sac carcinoma). Likewise, no virions were found in cultures of 1777N-RP cells after they had differentiated extensively to a fibroblastoid form, nor in cultures of a stable, cloned, differentiated derivative of this EC line. Thus, it appears that differentiated derivatives of EC cells may not be permissive for virus replication.
However, morphologically identical virions have been observed in human placental tissues. Choriocarcinoma, considered the malignant equivalent of placenta, is believed to be formed by EC cell differentiation; it is possible that a variable percentage of cells in EC populations is committed to differentiation into choriocarcinoma and that these are the cells that produce virions. Alternatively, cells may be permissive for virus replication in both the EC stage and the choriocarcinoma (placenta) stage. Unfortunately, we have been unable to acquire a cell line derived from the rare testicular choriocarcinoma with which to explore these alternatives. Nevertheless, our observations do indicate that the specific stage of differentiation has a major role in regulating virus production by cells cultured from human testicular germ-cell tumours, an effect recognized in other cell-virus systems (e.g. see Jaenisch, 1980; Liebermann et al., 1980; Maltzman & Levine, 1981) .
We also observed particles with surface spikes occasionally in induced cultures of three EC lines. The spikes were difficult to distinguish in thin sections, but production of the particles is too infrequent to permit the negative staining that would provide better resolution. Despite this problem, it has been possible to determine that the spiked particles, like the placental-virus-type particles, are formed during the process of budding. The two types of budding virions have similar size and morphology, although the extracellular spiked particles often are pleomorphic with a condensed, eccentric nucleoid. The morphological properties of the spiked particles are similar to those of type B retroviruses, as described by others (Sarkar & Moore, 1972; Nermut, 1973 ; Sarkar et al., 1977 ; Dalton, 1979) , but additional studies are needed to define the relation between these spiked virions and the type B viruses. Our observations do show, however, that cells from three EC lines produce two different types of virions, both of which may belong to the retrovirus family.
At present, no conclusions can be drawn about other properties of these virions. Cells of the 833K subline 29B14-G produce the placental-virus-type virions at the highest frequency, but insufficient purified particles were obtainable from culture fluids of induced cells to permit extensive characterization. The enzyme assays suggested a low level of RT activity with the template-primer poly(rA).dT12-18 and Mn z +, but the results, although reproducible with the small amount of material available, only suggested the presence of a DNA polymerase with some properties of RT.
Additional experiments indicated that: (i) no immunoprecipitation occurred when solidphase antibodies directed against cellular DNA polymerase ~ or against the RT of SSV, RLV or BaEV were added to the assays; (ii) cells of the high-producing 833K subline did not express p30-related antigens that could compete in broad-specificity interspecies radioimmune competition assays for type C retroviruses (V. S. Kalyanaraman et al., unpublished data); (iii) nucleic acid hybridization assays with cellular DNA or RNA from subline 29B14-G failed to reveal sequences related to those of human T-cell leukaemia virus, RLV, SSV or BaEV (M. S. Reitz et al. and D. Favara et al., unpublished data). Thus, it is unlikely that the placentalvirus-type virions produced by human EC cells are related to any of these viruses. However, it is evident that a cell culture system in which virus production is more efficient is required to investigate the properties of the EC virions further.
